This paper focuses on market incentives by the introduction of a construction minerals tax as an example of a resource tax. Currently, various European countries levy taxes or duties on primary construction materials, but a harmonisation of the taxation is not planned. Provided the tax rate has a perceptible price effect, the taxation of a resource can foster a demand management or the reduction of the raw material consumption and the governance of side and secondary effects. A construction minerals tax can target the stimulation of demand for secondary raw materials and recycled products, and -because the reuse of construction and demolition waste has technical limits -a stronger emphasis on the conservation of buildings and infrastructures. This has positive effects on the environment and the innovation efforts and it helps to internalise externalities. Germany, used as a case study in this paper, does not raise any taxes on other raw materials than energy sources at the federal level. For this reason, potential impacts of the introduction of a construction minerals tax will be explored and the results of a simulation will be provided.
The proportion of environmental and resources taxes in Europe
In industrialised countries, housing, mobility, food and electrical appliances typically account for over 70% of the impacts of household consumption (UNEP 2010) while 15-30% of the key environmental pressures from European consumption stem from construction and housing alone, which thus belong to the priority product chains (Moll and Watson 2009) .
In order to respond to environmental impacts and pressures and generate revenues, European countries collect environmental taxes within the three categories energy, transport, pollution and resources. The weighted average of the revenue by environmental taxes in EU-27, however, constituted only 2.4% of the Gross Domestic Product (GDP) in 2008. While Sweden, Austria, Germany and Estonia obtain more than 55% of their total taxes from labour taxes (Eurostat/EC 2010) , taxes on resources and pollution are still marginal. Moreover, environmental taxes have actually been falling again. They only amount to 5% of the total environmental taxes, accounting to only 0.1% of GDP, while the overwhelming part of environmental taxes is usually generated by energy and transport taxes (Eurostat 2010) . Figure 1 below compares the allocation of environmental taxes in the EU, Germany, France and Denmark. Denmark has by far the highest share of taxes on pollution/resource (31%), while Germany has the lowest percentage (2%). Economic instruments have an important role to play in environmental governance and policy and taxes on raw materials are increasingly being discussed as a means towards a reorientation from labour-related taxes to taxes beyond the existing basis of energy and transport (EC 2011c) . Occasionally, a general resource or material input tax is proposed, which is difficult to realise presently because imports and international trade is involved and the national and international databases are not yet mature to monitor the exact material flows. In order to move forward and widen the scope for environmental taxes, a tax on the most material-intensive but, in terms of trade and flows, largely self-sufficient sector and technology field is proposed in the following -a tax on primary construction minerals.
Impacts of sand, gravel, crushed rock and limestone extraction and use
From the beginning of the value chain the mining and use of construction materials such as sand, gravel, crushed stone and limestone has direct and indirect environmental impacts and consequences. The extraction process causes non-reversible landscape alterations and is associated with the loss of agricultural land and other land use options. In addition, the groundwater levels and the filtration of the rocks are affected. It is often argued that the restoration of the gravel and sand mining areas compensates the surrounding scenery by leading to new valuable land use and thus positively contributes to biodiversity. Due to geological conditions, however, excavations are carried out more frequently in a very concentrated manner (e.g. in river valleys such as the Lower Rhine area in Germany). Recultivation usually also depends on state laws and enforcement because a common legal framework for non-energy mineral resources recultivation is no Europe-wide mandatory part of the approval procedures for excavations (Seht 2010) .
After extraction further impacts arise during processing and use of construction minerals. Energy-and emission-intensive manufacturing processes of concrete, cement, glass and ceramic products using aggregates as a base material, and the contribution of the material to an unbroken high level of land use and sealing by the construction of roads and buildings have to be mentioned from a life-cycle perspective.
Other consequences are the high proportion of stones in the transport volume of heavy goods vehicles (up to 45%) (European Environment Agency 2010; Bleischwitz and Bahn-Walkowiak 2007; Sciullo and Smihily 2006) . Figure 2 illustrates the environmental impacts of the single supply chain stages while resource conservation, supply scarcities and interactions with other resources may also be motives for the search for a suitable policy. The input rate of recycling and secondary materials varies considerably within Europe (for instance, Germany, 9% according to Federal Environment Agency 2009; UK, 25% according to Resources Action Programme 2011). Recycling construction minerals include, for example, recycled concrete or separated construction and demolition wastes crushed to a certain particle size (such as concrete, asphalt or mixed demolition granules). Secondary materials are generally by-products of other industrial processes that do not necessarily belong to the construction sector such as fuel ashes and slags from blast furnaces or incinerators. Largely, those processes are rather a down-cycling of materials and scarcely at high quality (Knappe 2009 ). The sector shows large unused potentials.
As regards the tonnage of extracted resources the construction minerals sub-sector is the largest in Europe (NACE codes CB14.1 and CB14.21). Germany, France, Italy and Spain are the four main producers of construction minerals in Europe with changing rankings among them. Together, they produce more than 1.2 billion tonnes/year of a total of approximately 3 billion tonnes in the EU (British Geological Survey 2011; UEPG 2011) . Most of the European countries are self-sufficient regarding their domestic demand of construction minerals.
The resources to be covered by a construction minerals tax are natural aggregates such as sand, gravel and crushed stone and limestone, sometimes also termed as primary construction minerals. According to the British Geological Survey, which carries out the annual collection of data of the raw material excavation in Europe, the following rocks and applications are counted to the construction minerals (British Geological Survey 2011) (Table1). In some sectors, the key raw material component is sand, e.g. in civil engineering, road construction and earthworks. As a construction mineral sand is essential for producing building materials like concrete and mortar. Since it is easy to form, it is also used for the interior and facade decoration of buildings. Besides sand gravel is the main mass raw material and it is extracted from gravel pits. Gravel is also an essential raw material for the construction industry and it is predominantly used as an additive for concrete. Other applications are as fill material for earthworks and as ballast in railway construction. Crushed rock has different grain sizes and is used -depending on the size of stone -for base layers of roads or with binders such as bitumen in asphalt concrete or with cement and water as concrete or cement-bound base. Crushed rock is also used as a frost protection layer beneath the paved roads and also as ballast for track beds. Limestone is a sedimentary rock and has also great economic importance as a raw material for the construction industry, particularly ground with other materials and fired as cement, which constitutes an important binding agent in concrete.
All those rocks belong to the inorganic materials; organic materials are, for example, wood and cellulose. Germany predominantly uses inorganic materials. The inclusion of biotic resources in a tax is worth to be considered. Other rock types (such as clay, marl, shale, etc.) could also be included in a tax as relevant materials for the construction industry and for reasons of equal treatment. In 2008, gravel and building sand were with 249 million tonnes by far the largest share of raw materials gained in Germany, 218 million tonnes natural stones and 50 million tonnes limestone and clay bricks have to be added (Bundesverband der Deutschen Kies-und Sandindustrie, Bundesverband Mineralische Rohstoffe 2009). Over an assumed life span of 80 years, the consumption of sand and gravel of a human being is 245 tonnes, plus 215 tonnes natural stones and 70 tonnes of limestone (Bundesanstalt für Geowissenschaften und Rohstoffe 2010). A part of these materials can be recovered and recycled; however, the potentials in this area are not fully exploited.
Sector trends of extraction
Based on the absolute weight of the extracted quantities of sand, gravel, crushed stone and limestone, the mineral sector is the most resource-intensive sector in Europe (see Figure 3) ; this applies to the Direct Material Input, the Domestic Material Consumption and the Domestic Extraction Used (DEU). 37% of the DEU in EU-27 in 2007 is sand and gravel, followed by 23% of other non-metallic minerals. The time series of the British Geological Survey show that primary aggregates (sand, gravel and crushed rock) as part of the construction minerals are being extracted on a remaining high level. The economic situation is highly dependent on the construction industry resulting in up-and downturns. In particular, the recession in 2008-2009 has contributed to a slump of the construction industry and hence to a fall-off of construction minerals extraction (see Figure 4 ). The per capita production of the construction minerals (see Figure 5) Considering the analysis above, it is likely that the EU-12 countries are continuing to catch up. This is actually being supported by high EU subsidies from the EU Structural and cohesion funds in order to balance the development gaps in the Central and Eastern European countries. For example, 53% of the means allocated to the ten CEE countries 2 within the programming period 2007-2013 are planned for investment in road transport infrastructure, 30% for railway, equivalent to about 50 billion EUR. The total budget of the EU Structural and cohesion funds plans to allocate altogether 20% for transport infrastructures that will be construction material intensive (such as airports, ports, railways, motorways) covering more than 68 billion EUR within -2013 (Usubiaga et al. 2011 ). Correspondingly, Euroconstruct -a large construction business research group -forecasts the "end of downturn in the west, upturn in the east" after three years of recession but a growing "shift from new construction towards renovation and modernisation" in the coming years (Euroconstruct 2010) .
Conception of a construction minerals tax

Targets, mechanisms and expected impacts
The basic idea of a primary construction minerals tax is to increase material efficiency by gradually increasing the price of the raw material and contribute to resource conservation, the reduction of life-cycle wide impacts associated with extraction and use of the materials and stimulate innovation, substitution and recycling efforts. The price signal of a quantity related extraction tax should successively reach the 2 The CEE 10 countries are: Bulgaria, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia, Slovenia market players in the construction sector, provided the price increase is passed on. Innovation incentives arise not only for the extracting industry, but also for the production and transport of building materials, and for architects, the construction industry and producers of construction waste. Ideally, reactions take place where the marginal costs are low, i.e. the incentive may affect both the extraction of the resources and the resource efficiency of the processing. Ultimately, the tax can and should also reduce the construction waste deposited in landfills, which is affected by other regulations too.
The assumptions above distinguish a primary construction minerals tax from classical economic assumptions à la Pigou, in which the internalising of the negative external costs is sought (Kosonen and Nicodème 2009) . Recent debates emphasise the difficulties of an exact determination of negative external costs and identify the relationship between factor prices and innovation as well as the advantages of economic incentives within a policy mix (Aghion et al. 2009; Bretschger et al. 2010; European Environment Agency 2006; Jackson 2009; Popp 2002 Popp , 2009 ). The argument here accordingly aims at increasing the resource efficiency and innovation in the construction sector; a reduction of the specific environmental impacts can be reached at least in terms of the direction though not quantifiable at present.
A construction minerals tax designed as a quantity tax charging per unit of weight follows the logic that not only extraction but also processing, transportation and use of the raw material are material-intensive and cause external effects, which are at least partially dependent on weight. This "increases the cost of the production of those items which directly and indirectly have a high content of raw materials over all production stages. Thus, at every stage of production there will be an incentive to reduce the materialintensive input. Resource-intensive consumer goods will be substituted by other goods as a result of its rising price" (Meyer 2009: 6 ; translation by the authors). It is assumed that a change of purchasing price will penetrate the product prices along the value chain. Fixed and predictable price signals are better to plan and thus lower the transaction costs for the actors affected. A tax also has advantages when the precise meeting of targets of a fixed schedule is not required, where, for example, tradable permits would be favourable. The economic incentive of a tax has is an innovation-supporting broad effect towards all market participants without having to determine specific impacts (Aghion et al. 2009; Bretschger et al. 2010; European Environment Agency 2006; Popp 2002 Popp , 2009 ).
Söderholm rightly emphasises the motivation of taxation. Starting from the failure of markets as regards their capability to satisfactorily regulate resource depletion and/or externalities, he analyses the efficiency of resource taxation for different motives. In most cases, for resource depletion, negative externalities at the production processes, negative externalities downstream and encouraging substitution efforts targeted policies that address the relevant market failures "as closely as possible" (Söderholm and Tilton 2012) are the first-best policies. These are, for example, better-defined property rights, pollution, waste or disposal taxes and input taxes, which would be the instruments of choice (Söderholm 2011) . The extraction, production and use of construction minerals is faced with a number of environmental impacts and has to be based on different motives that can be addressed with a construction minerals tax, provided it has a tangible and perceptible financial incentive to reduce consumption, strengthen substitution and make production processes more efficient. From an economic perspective, taxes are usually second-best policies due to their inherent impreciseness; from an environmental perspective, taxes are a step towards reflecting the full external and social costs of resource extraction. Ideally, a primary construction minerals tax has to be an integral part of a policy mix and will directly affect the extractive companies and indirectly the subsequent production stages (concrete and cement production) and it works indirectly as an innovation incentive to promote the recycling of construction minerals. In this respect, it has to be stressed that an increase in resource efficiency is highly challenging, not as least as regards policy integration.
Increase of input quota of recycling and secondary materials
Besides a reduction in demand for primary materials technical innovations and material innovations can be expected. 3 Recycled and secondary minerals resulting from high-quality reprocessing are usually granulates sorted in size by crushing and sieving with a fixed or mobile facility separating unwanted materials such as wood, plastic, metal or paper. The recycled building materials are used in road construction, gardening and landscaping, earthworks (such as noise protection) and increasingly in the production of concrete -albeit at a low level so far and few approaches for a high-quality material flow management (Knappe 2009 ). Almost 550 million tonnes of construction minerals were needed for construction in Germany in 2004, the majority are sand, gravel and crushed stone. About 200 million tonnes of mineral construction waste were produced at the same time: 25% demolition material, 10% roadway rubble, 1% mixed C&D wastecorresponding to approximately 72 million tonnes altogether -and 64% dredging soil (128 million tonnes). The excavated soil is mostly used in road construction, as track ballast or for embankment. About 49.6 million tonnes of the materials needing treatment were recycled. This corresponds to a specific recycling rate of 68.5%. Recycling materials, however, are still mainly used as road base, in civil engineering to backfill road construction, so-called down-cycling (Knappe 2009 ).
Some studies show surprisingly high recycling rates. It is therefore important to pay attention to the composition of the Construction and Demolition Waste materials referred to and which quota is consequently reported as a recycling quota (Fischer and Werge 2009) . Table 2 shows the complicated composition of the total supply of theoretically recyclable and re-usable materials in Germany in 2004, the amount and percentage of their immediate re-use, recycling and land filling (Schaefer and Pahl 2007) .
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The stimulation of secondary markets for recycling products may also require the introduction of supply-side measures due to the low own-price elasticity, as discussed by Blomberg and Söderholm (2009) When these figures are studied in detail, it seems as if the efficient reuse and recycling performance emerges especially in the areas of soil excavation and road construction -due to a high percentage of soil and track ballast in the recycled and reused materials. For the purposes of the Directive, the outcome is a recycling rate of more than 80%. This logic leads to fact that the quantity of the excavated soil can determine the amount of the recycling rates (Fischer and Werge 2009) , as long as it is not statistically evaluated how much of this quantity covers non-hazardous and naturally occurring soils and stones as called for in the Waste Framework Directive.
Compared with the volume of waste, the specific recycling rate of materials that need treatment is about 25% (dredging soil not included). But if the question shall be answered as to how much of the extracted primary construction minerals are de facto replaced by recycled materials, Germany showed a quota of only 11% in 2004 (Schaefer and Pahl 2007) .
In future, it would be useful to focus more strongly on a specific material utilisation rate compared to primary materials. Apart from covering soil and earth, the recycling rate does not consider the increasing amounts of materials stocked in infrastructures and thus hides the future waste. An increase of the recycling and secondary material utilisation rate should contribute to the reduction of the primary construction minerals extraction. A definition of the recycling rate as a percentage of the total demand is also used by European Environment Agency (2008). The low recycling and secondary material utilisation rate in Germany indicates need for action.
Roland Berger (2007) finds the highest growth potential in material efficiency within the environmental technologies; resource-efficient construction materials, recycling and the use of recycled construction materials and resource-efficient construction may well be regarded as a green area of growth (Weizsaecker et al. 2009; Essex and Whelan 2010;  and with reference to sustainable settlement structures Bringezu 2009). Future technology is likely to use a growing share of recycled materials. The challenge is that many natural stone products cannot be disaggregated into the single raw material components, as irreversible processes have been accomplished in the production process. Even when a treatment is possible, the former quality may often not be achieved. According to Haefner the proportional ratio of material recycling and recycled building materials of the total resource use can achieve at best 20% (Haefner 2006) . However, the estimates vary greatly in this area between 8 and 28%. Regarding the potential of a high-quality recycling of building waste and a "urban mining", further research is needed. 5
Barriers and trade-offs
The price increase of a resource that is associated with negative externalities leads -through the expected decline in demand -to a lowering of the costs that have to be borne by society, and thus to a more efficient allocation of resources. The mining regions should provide for accompanying measures to cover specific costs and take into account planning instruments and tools (Seht 2010) and / or use of parts of the revenue for compensatory measures. Positive externalities may arise if environmentally friendly products and innovations are encouraged, such as a building grain that has both heat-insulating and soundabsorbing qualities and can be used in concrete. For this reason it is necessary that the secondary or recycled building materials are cheaper than primary construction minerals in the long run. This is where the proposed construction minerals taxation aims for. The general context of factor prices and innovation is now the state of research (Aghion et al. 2009; Bretschger et al. 2010; European Environment Agency 2006; Popp 2002 Popp , 2009 . It is essential that this instrument achieves innovation effects throughout the value chain and achieves the public debate. In this respect, it also contributes to a reduction of information deficits.
Rebound effects are not expected in the field of primary construction minerals. A rebound effect emerges when savings resulting from more efficient technologies are compensated through increased usage and consumption. However, the efficient use of resources can heat up the consumption spiral (Sorrell 2007). It should be noted though that construction minerals are not continuously consumed products, unlike e.g. electricity and water; there is no apparent incentive for additional consumption of the good by cost savings. A secondary rebound could theoretically arise when financial flexibility stemming from the use of relatively favourable recycled construction minerals would result in larger buildings (Hertwich 2008) . Specific measures for an energy-and material-efficient design of buildings could be appropriate.
The signalling effect of decreasing sales of primary materials and rising sales of recycled construction minerals due to the environmental tax (Barigozzi and Villeneuve 2006) , fired by a tax increase in the cost of primary materials, should also give incentives in the following production stages of the construction industry to exploit the resources more efficiently and expand the application and use of recycled construction minerals. Especially, the target groups of architects and the construction industry are addressed. In the value chain and material flow system, there is currently only a small incentive to develop resource efficiency potentials.
Sectoral barriers lie in the unclear legal situations with regard to the recovery of construction and demolition wastes and the classification of hazardous and non-hazardous wastes. It is crucial that the regulation is compatible with the level of recycling of C&D waste or the manufacture and use of RC construction minerals achieved (Dehoust et al. 2008 ).
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On the whole, the statistical situation for recycling and secondary materials in the construction area needs improvement. Figures show large differences among the sources. According to Eurostat, the available data for construction waste are generally not comparable, given that there is no statistical reporting at European level in this area. Due to the introduction of mandatory waste management plans in many Member States, it can be assumed that the quality of reporting in this area will improve in the long term.
As regards institutional barriers, it is important that municipal decision-makers have influence on construction measures in the regional environment. Path dependencies and so-called "institutional resource regimes" (Gerber et al. 2009 ) may result from planning deficits contributing to increased cement and concrete production and construction and civil engineering.
Possible trade-offs:
Due to many market actors involved in a rather complex supply chain, interests diverge. The taxation of a material flow involves a conflict that the recipient agencies (state, federal) of the tax are more interested in keeping the material flowing than in reducing the material flow (European Commission 2007). At the same time, public construction is a large part of the construction investment made; hence a tax on construction minerals is at risk to be a mere reallocation of funds. Conflicting claims for land use come up in densely populated regions.
The elasticity of demand is another point that should be observed in the context of a construction minerals tax. Unintended effects on trade, tax distortions and ecologically damaging transport increases may result when demand is inelastic and the tax rate is set so high that imports are becoming more attractive. Another point is that the recycling rate is also subject to demolition and deconstruction and the less demolition and deconstruction material is produced through refurbishment programs, the less recycling material is available. Substitutes may need more energy for the mining and processing. This can be the case, for example, with crushed rock compared with gravel. Last but not least, since the individual states have different geologically and topographically conditions, a construction minerals tax may increase competition between the regions concerned (Bahn-Walkowiak et al. 2011).
Experiences and diffusion of minerals extraction taxes in Europe
Practical experiences with the effect of differently designed resource taxes have been collected in some EU countries, e.g. in UK/Northern Ireland, Sweden, Denmark, Lithuania, Latvia, Bulgaria, the Czech Republic, Cyprus and Italy and Belgium on the regional level. In these countries, taxes or charges for sand, gravel and/or further construction minerals are being collected (European Environment Agency 2008). Different designs of the instruments, collection procedures and tax bases (such as extraction volume, market value or land use for the excavation) can have varying resource consumption-lowering and substitution effects. It is also important whether the tax is raised centrally or regionally and who are the beneficiaries of the tax/duty (federal, state or local governments). Table 3 shows that most countries collect taxes at such a low level that resource use lowering effects are rather unlikely. Due to data inconsistencies and gaps, regional taxes/charges are left out in the following. The table refers to the countries with verifiable revenues in the OECD database. As regards the taxation of raw materials, and especially the taxation of primary construction materials, one can speak of a certain degree of international distribution. Hence, raw material taxes are often a proven and reliable source of governmental revenues (Söderholm 2011 ); many of them at a rather low level. However, whether the taxes are designed as green taxes and serve as an introduction to the rise of factor prices would require a more detailed review (e.g. Meyer and Ludewig 2009).
The gravel tax implemented in Sweden since 1996 is an example of a centralised ad quantum tax on a single raw material. The tax has a geological background and is mainly motivated by the objective to preserve ground water reservoirs (Söderholm 2011) . The purpose of the tax is thus to replace the gravel with alternative construction materials such as crushed rock, but also recycled and secondary materials (Andersson 2004) .
The gravel tax is included in a policy mix. Besides the tax the concession procedures to obtain a gravel pit were tightened and national reduction targets were agreed upon (e.g. a ratio of 30/70 in relation to substitutes and a recycling rate of 15%). The tax is applied to both mining and export, but not imports. In 2007 In Denmark where a raw material tax came into law in 1990 charges, differently from that in Sweden, all domestic extraction and imports of rocks and soils, i.e. gravel, crushed stone, clay, limestone, silica sand, etc. The raw material tax is perceived as an environmental tax on scarce resources, aiming at the substitution and the recycling of materials. From the beginning the tax was fixed at DKK 5.00 (approximately € 0.67/m 3 ).
Italy is an example of a decentralised ad quantum tax with different tax rates at the regional and local level (between € 0.41 to 0.57/ m 3 ) in accordance with a national revenue of € 110 million, benefiting the respective administrative units. The specific feature of the tax is unclear, the prices vary between € 8 and € 15/tonne (European Environment Agency 2008). Theoretically, there is an allocation of funds for mitigation measures in the field of extraction activities. In reality, a use will often be for other purposes. Like Germany Italy is characterised by a complex multi-level design of the field. The recycling rate in Italy is rather low at about 7.5%. The effects of the tax are assessed as limited, as there is a clear preference for new materials in the Italian construction industry (European Environment Agency 2008) . To what extent accompanying instruments such as a circular economy law is missing in Italy, leading to a relatively minor effects despite high prices cannot be resolved at this point.
The Aggregates Levy in Great Britain and Northern Ireland (United Kingdom) implemented in 2002 is an example of a centralised ad quantum tax. An extracted tonne comprising sand, gravel and crushed stone were initially taxed at £ 1.60. This represented approximately 20% of the average commodity price and a total of £ 338 million of tax revenue (OECD/EEA 2011). Since 2010, the rate is £ 2.1/tonne (currently equivalent to approximately € 2.30). The Aggregates Levy is the only tax among the resource taxes with a notable range.
The aim of the tax which is understood as a "green tax" is to reduce the environmental impacts of extraction and transportation of construction materials including noise, dust, earth tremors, visual landscape alterations, loss of biodiversity, etc., and thus to internalise external costs. Main demand for construction minerals (40%) in Great Britain and Northern Ireland comes from the public sector for infrastructures and road construction. The collected funds are strictly used for environmental projects in the construction industry and to compensate for regions. The Aggregates Levy Sustainability Fund has ended in March 2011.
The results of this tax are a reduction by about 6 million tonnes (of a total demand of 275 million tonnes) in 2005. 68 million tonnes recycling and secondary materials are used (equivalent to approximately 25%).
In particular, the recycling market has been strongly boosted, while the reduction of the primary resources decrease remains relatively low. This effect is not only attributed to the aggregate levy, but also to previous measures such as Landfill tax of 1996. In addition, there has been a general decline in road construc-tion. Technical improvements in the construction industry that require a low intensity have supported the effect (European Environment Agency 2008).
In summary, it can be stated that, almost without exception, all countries impose very low taxes with probably little or no incentive effect. Only UK has induced a noticeable rise in prices by introduction of the Aggregates Levy and has caused, above all, a boost of the recycling market. It has to be noted though that these figure show sand and gravel only. They do not show limestone.
Case study: A primary construction minerals tax in Germany
Due to the high importance of the construction sector for the increase of resource efficiency and to the present low rate of recycled construction minerals input in Germany the introduction of a primary construction mineral tax has been proposed (Bahn-Walkowiak et al. 2010) . The introduction has to be planned with care and should be linked to other measures. As the very diverge tax systems of the European Member States and the EU principle requires unanimity votes on tax matters, it appears unlikely that a single European construction minerals tax is being introduced in the short term. The development of a minimum tax directive similar to the Energy Tax Directive 2003/96/EC could be an option and has been proposed (Bleischwitz et al. 2009 ). The design as a tax or charge would then be free to the Member States.
A very important player in the field of construction is the public sector. More than one third of the investments for structural and civil engineering come from the public sector. In 2010, 32% of the turnover came from public non-housing construction, 36% from private non-housing construction and 32% from private residential construction. Overall, 10% of the GDP was used for construction activities (Hauptverband der Deutschen Bauindustrie e.V. 2012). Experiences with the use and the high-quality input of recycled concrete, however, are still few in Germany (Knappe 2011) . A voluntary commitment of the sector for the reduction of the use of primary materials has been phased out (Knappe 2009 ).
In general, the launch of a resource tax has different options: a taxation on land use required for the extraction; the quantity extracted (ad quantum); the value of the sales (ad valorem); the input for use. The tax and charge base can therefore be the quantity in tonnes, the area in square meters, hectares or square kilometres, the product value in Euros or the amount used in tonnes. The proposal developed here refers to two German legal norms, namely the established Federal mineral oil tax and the "Länder" land use charge.
Federal excise tax on the extraction and the import of primary construction minerals
A primary construction minerals tax is a fiscal policy tool. Although the government is gaining revenues, it will give an incentive to reduce the resource consumption, similar to the mineral oil tax. The revenues gained will feed in the federal budget and can be used without earmarking. The taxable entities are the resource extracting and importing companies, which will pass the price, increases resulting from the tax along the value chain onto the end-consumers. The tax should levy at least € 2.00 on each tonne of extracted sand, gravel, crushed stone and limestone. In addition, long-term tax increases of 5%/ year should be planned to counter the inherent real reduction in the amount of the tax.
Relocations of mining and quarrying enterprises and the downstream stages of production to foreign countries as a result of a primary building mineral tax are not very likely or negligible. This is all the more true when a national unification from country-and district-specific regulations is realised. However, an increasing use of recycled and secondary raw materials in the construction industry, inducing innovation processes in favour of high-quality applications can be expected. Relocation operation sites of the sector are also unlikely due to high transport costs. Compensation for the mining areas could be provided in order to internalise environmental costs and develop regional innovation potentials.
Reform of the current land use and extraction charge
The German Mining Law (Bundesberggesetz of 1980) does not address mineral resources such as sand, gravel, and limestone. The extraction of those resources is regulated in specific laws of the individual federal states such as the emissions control law, the excavation laws or the water management law. An expansion of the currently minor land use and extraction charge of the federal states to other resources and its significant increase could therefore be a further option from a long-term sustainability perspective. It would address the scarcity of land and could be re-designed regarding the environmental consequences of land use.
The present taxable base of the charge is the land use in square kilometres, starting at 5 €/km 2 up to 25 €/ km 2 . The tax base of the extraction charge is the market value. The extraction charge amounts to approximately 0.20 €/tonne or about 7% of the market value. Due to the relative insignificance of both charges, they have no verifiable effects in terms of reducing the demand for primary materials or increasing the demand for secondary and recycled materials. Environmental aspects played no role in the 1980 law. The revenue from the charge is added to the tax revenues of the federal state and is therefore relevant to the financial equalisation scheme between the Federal Government and the states.
For the federal level a uniform federal excise tax on the extraction and import of primary materials is proposed. The land use levy could either remain for the time being or advanced with environmental policy targets towards a land use tax. The current tax rates would have to be increased accordingly or modified. In order to achieve a steering effect, the tenfold of today's rates may be required at least. The current extraction charge could -after negotiations with the countries on an appropriate compensation -be omitted. Thus, the tax base is changed from the market value to the quantity. In sum, this would contribute to the harmonisation of the law in Germany. The proposal for a construction minerals tax in Germany is summarised in Table 4 . The primary construction minerals tax is thus conceived as a quantity tax and the reform of the land use charge would be designed as a future land use tax. The concept is dynamic, as the revenue from the tax -unlike the taxes on the factors capital and labour and the factor-neutral taxes, which grow in nominal terms in connection with inflation -would fall off over time at constant tax rates. A quantity tax in general has a dampening effect on world market price fluctuations, but this is irrelevant in construction materials markets.
The introduction of a primary construction minerals tax for Germany is in accordance with a general tendency to tax resource extraction in the Europe and could be an important step towards the reorientation of labour-related taxes towards raw materials. In addition, it would expand the existing basis of energy taxation in Germany. A rough estimation of what a general European construction minerals tax could gain as revenues is shown in Table 5 . It compares current and potential revenues on the basis of the database of the OECD/EEA and the tax database of the European Commission. The revenues could be more than tenfold of the present value when the British system of aggregates taxation would be implemented in the whole of Europe. 
3.3
Results of a simulation study
In a recent research project 7 the economic effects of a tax on construction minerals were one of the subjects of simulation studies. 8 In the simulation it is assumed that in the year 2012 a tax on construction minerals is introduced in Europe with a tax rate of 2 €/ton. This rate rises per year by 5% and reaches 4.80 € in the year 2030. The tax has to be paid by the domestic extractor. Since the tax is charged in all European countries, not only the import price for construction minerals, but also all other import prices in the product chain of construction minerals will rise. It is an additional taxation without revenue recycling.
Until the year 2030 the domestic producer price for the sector "mining and quarrying (non-energy)" will rise by 43%. The sales of that branch will diminish in real terms by 16.8%. The most important purchaser of their products is the sector "glass and ceramics", which reduces its inputs of products "(non-energy) mining and quarrying" by 5.5%. The second important customer, the construction sector, buys 16.5% less. Both branches raise their prices only marginally ("glass and ceramics": +1.2%, "construction": +0.4%) so that losses in real sales also are very low ("glass and ceramics": -0.6%, "construction":-0.3%).
The tax on construction minerals in the first line induces technological change, which raises resource efficiency. Final demand for goods is nearly unaffected. Construction activities are nearly not reduced, but houses are built more resource efficiently.
The macroeconomic effects of the tax in the year 2030 are negligible: the price index of gross production rises only by 0.07, and the consumer price index is not more than 0.02% higher than in the baseline. GDP reduces by 0.09%, employment by 0.03%. These very small negative effects would totally diminish or even be changed to positive ones, if the tax revenue is not used for debt reduction as assumed in the simulation experiment.
The effects on resource consumption are strong: total material requirement of Germany totally reduces by 1.5%, and domestic extraction reduces in Germany by 9.7%.
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The simulations were carried out with the economic environmental model PANTA RHEI for Germany, which links total material requirement, energy consumption, a traffic module, a dwelling module and a demographic module with the economic development in deep sectoral detail (Distelkamp et al. 2010, pp 30; Meyer et al. 2007 ).
Conclusions
"Improved efficiency of natural resources such as metals and minerals are essential aspects of resource efficiency", the European Commission states (European Commission 2011c, 13) and suggests, inter alia, "a major shift from taxation of labour towards environmental taxation" by 2020 (European Commission 2011c, 11) . If the goals and recommendations of the 'Roadmap to a Resource Efficient Europe' to promote the development and use of market-based instruments are to be taken seriously, there are a number of arguments in favour of the introduction of a construction minerals tax both at German and EU level. First, the extraction of construction materials does not have the largest environmental impact but it has considerable relevance in relation to material intensity and long-term life-cycle effects. It can expand the hegemonic energy-based taxation, which is a well-established instrument of resource taxation by now (Ekins and Speck 2011). Second, a construction minerals tax can contribute to a decrease in the demand for a further non-renewable resource besides fossil fuels. The potential of recycling and secondary materials is not fully exploited yet; there is need for improvement. Third, from a social sustainability perspective a tax can generate funding for programmes and research while relocation processes, due to very limited cross-border trade of the transport-sensitive material, are rather unlikely as well as strong regressive effects, due to the low prices of the materials per tonne in relation to the price of a complete building. In the short term, it can be assumed that the demand is rather inelastic; in the long term the tax can strongly contribute to resource efficiency by promoting competitiveness in the field of resource-efficient construction. In addition and as encouraged by the European Commission (2011b), resource taxes have the potential to contribute to reductions on labour and other taxes, countervail the prevailing unfavourable economic shortage of labour and be a first step to more comprehensive environmental tax reforms all over Europe.
